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Introduction
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® Discovery of a scalar boson consistent with SM
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Heavy Boson Search

— Leptons final state
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® Generally, all new particles that can decay to dilepton called Z”°

e Many BSM theories predict Z°—I"["

® extension of SM in Grand Unification (e.g Z’y)

® some SUSY models predict new spin-0 resonance

® sequential SM predict Z’ssm
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VAT B

® Generally, all new particles that can decay to dilepton called Z”°
® Many BSM theories predict Z°—[["

® extension of SM in Grand Unification (e.g Z’y)

® some SUSY models predict new spin-0 resonance

® sequential SM predict Z’ssm

( CMS-PAS-EX0-19-019 )
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Prescaled muon trigger (27GeV) applied for my+,- < 120GeV online.
Limits similar as ATLAS: 5.15TeV for Z’ssm and 4.56 TeV for 7’y



Events / 0.1 GeV
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di-muon low mass

® Search for resonance in my+,- range of [45, 75] & [110, 200] GeV with full reco

data (139 fb'!)

® pr > 20(10) GeV for 2 OS muons

® Search for bumps in my+, range of [11.5, 45] GeV with scouting data (~ 100 fb1)

® reduced trigger information, only muon related data is partially recorded.

e offline muon pr >4 GeV

( CMS-PAS-EX0-19-018 )

96.6 fb' (13 TeV scouting); 137 fb” (13 TeV full reco.)
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Events
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® Search for heavy boson with lepton+MET signature.
® L.ook for excess on the transverse mass distribution.

® Dominant backgrounds coming from: W+jets, Top, QCD, Z, multi-bosons
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Assuming W’ boson with the same coupling as the SM W boson,
W’ masses below 6 TeV are excluded at 95% CL in SSM.



Heavy Boson Search

— Dijet final State



Di-jet resonance

® Probe numerous BSM models: String, Axigluons/Colorons, Color-octet scalar,

W’/Z’° bosons, RS ...

® Search for bumps on the smoothly falling di-jet invariant mass spectrum.

'S

Ys=13 TeV, 139 b’

« Data

ATLAS Preliminary 3

—— Background fit

—— BumpHunter interval -
qg'.m_=40TeV “

10° q',m.. =50TeV
10 -
10"! '
10k q', ox0.1 ’ .
F p-vale = 0.8 M 1=
1~ Fit Range: 1.1-8.1 TeV t
F Iy'1<086 -
g S s -
8 2
o l“
g0
%-2: 1 1 -
@ 2 4 5 6 ) 8
m, [TeV]

o x A xBR [pb]

T B

L N e Theory 1

1k —e— Observed 95% CL

S Expected 95% CL

10

10_1 L e +20 i
1072}
107 3

10_; \s =13 TeV, 139 fb’
ATLAS Preliminary 1 :

( ATLAS-CONF-2019-007 )

2 3 4 5 6 ¥ | 8
m,. [TeV]

No significant excess observed.

c x A x BR [pb]

;Y T 171 I T 117 T 171 ‘ T 1 1 I T 1717 T ?
-« Exp. 95% CL upper limit for o,/ m, = 3% W
1 E Obs. 95% CL upper limit for: 3
:’ o5/ m,=3% J}
-1| O/ Mg = 5%
10 :{1’9\ Oolrno:m _%
e = 0g/ My =10%
r e (Y ——0g/mg = 15%
1072k 2 ¢ J
0 E |
107 j
E 1
" \s=13TeV, 139 fb™ s i‘
107} oE
: ATLAS Preliminary ]
:L | _— l LLLLLL l - - | L : .- - - ‘]
2 3 4 5 6 7

m, [TeV]
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different Relative Width Hypothesis.

Mass limit of g* up to 6.7 TeV with full Run 2 data.
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Di-jet resonance
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® Probe numerous BSM models: String, Axigluons/Colorons, Color-octet scalar,
W’/Z’° bosons, RS ...

® Search for bumps on the smoothly falling di-jet invariant mass spectrum.

( CMS-PAS-EX0-19-012 )
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Di-bjet Resonance

® Test on BSM models: b*, DM Z’(bb), KK G(bb), SSM Z’(bb)

® Use b-tagging, categories based on the # of b-tagged jets: >1 b-tag, 2 b-tags

® First use new Deep Learning for B-tagging algorithm

® Significantly improve the sensitivity (a factor of 1~3.7)
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Low Mass Dijet Resonance

e High Mass: ~1.5-8 TeV

Standard trigger (jet trigger or Large Hr)

® Medium Mass: ~ 0.4 -2 TeV Dedicated b-trigger or jet trigger
® Low Mass: ~0.2-1TeV Dijet + ISR (trigger!)
® Very Low Mass: ~10-200 GeV  Boosted Dijet + ISR (trigger!)
Boosted Dijet + ISR photon (_ arXiv:1905.10331 )
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Resonant bkg normalised from CR.

Non-Resonant bkg estimated from fit.

First limits for dijet mass < 50 GeV

with direct search in LHC. 3



di-jet Resonance Summary plot
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[arXiv:1806.00843]

I,/ M, <~10%

CMS Dijet, 8 TeV
[arXiv:1604.08907]

CMS Dijet, 13 TeV
[EXO-19-012]

UA2
[Nucl. Phys. B 400, 3 (1993)]

CDF Run1
[arXiv:hep-ex/9702004]

CDF Run2
[arXiv:0812.4036]

Z width (all T,/M,)
[arXiv:1404.3947]

ATLAS Boosted Dijet, 13 TeV
[arXiv:1801.08769]

ATLAS Dijet+ISR y, 13 TeV
[arXiv:1901.10917]

ATLAS Dijet TLA, 13 TeV
[arXiv:1804.03496]

ATLAS Dijet, 13 TeV
[arXiv:1703.09127]

CMS Dijet b tagged, 8 TeV
[arXiv:1802.06149]

CMS Dijet Scouting '16, 13 TeV
[arXiv:1806.00843]

CMS Boosted Dijet, 13 TeV
[EXO-18-012]

CMS Boosted Dijet+y, 13 TeV
[arXiv:1905.10331]

CMS {f, 13 TeV
[arXiv:1810.05905]

Y width (all T/M,)
[arXiv:1404.3947]
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Diboson Resonance

® Rich program of diboson resonance search
e Spin 0: S/H — WW/ZZ: extended Higgs sectors, scalar singlet
e Spin1: V’— VH/VV: Heavy Vector Triplet
® Spin 2: G* — VV: Extra dimensions

® Unable to cover all the final states in this talk. Only select a recent analysis.

® Highly boosted W/Z/H decay products are merged together
W(lv)V VV(JJ)

V., ( J <ap

® Use jet sub-structure algorithm to tag boosted object

&) Resolved - ; ] /)-\ g
Merged \' h ) h J [
V(J)h hh
Clustering
e e s vl v d R A b %77 b
A V
h b UGN b, b b, 15



Events / 2 GeV

“Dijet” —— WW/WZ/ZZ Fully Hadronic decay

VV(JJ) ® Focus on the potential resonances with mass above 1.2 TeV, W/Z
) Lwr boson expected to be collimated into a fat jet
)( ® Novel method: three-dimensional maximum likelihood fit of two
] J-\ jets masses and the dijet invariant mass: improve sensitivity by
o ~30% w.r.t previous methods.

( CMS-PAS-B2G-18-002 )

L L UL e A (13 TeY D — a3 TeV)
E 0 Oata . ob) ) CMS
200:‘ CmS () QCD Pythias E O] 109 D QCD Pythia8 :9:'
180F m, > 1126 Gov Gz Stat. unc { 8 10°km>12scev  EE §
160 D'I 1<1.3 QcCD Hcrw»g¢f -— 107 Anl<13 OCO Herwig++ o
FS5<m, <215GeV QCD MG+Pythia8 ~ oF 85<m_<215Gev @ QCD MG+Pythia8 95% CL expected upper limits
140} @ Wejets : £ 10 “ [ W+ijets : T A\,
1205 ) Z+jets 3 @ 10° @ Z+jets £102-\ " -35.9 b, Phys. Rev. D97, 072006 -
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80"‘ e W' (2 T@V) - WZ P 103 2 ",.ﬂ e W' (2 T@V) - WZ > L "\ .,
GOE- G, . (2TeV) »2Z 3 10? iR My G, (2 TeV) » 22 -
: 10§ et "
40¢ 'm Y
r 57 \ .
20k o _‘ LI T 10°F
............................ R = e LAY :
1.5/ o ’ ‘ § 1.5 | '
e NSISRPSIUNRRIN B | | S
0'5' PP BPRTRTE PSRN ST ad B 05 .............. i ) ) W A ,,,:;:'_,_:i ................. ."-A”l“‘,.
60 80 100 120 140 160 180 200 2000 3000 4000 5000 6000 7000 2000 3000 4000 5000
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No excess above the standard model background!

Exclude spin-1 W’ and Z’ with masses lower than 3.8 TeV and 3.5TeV respectively. .



Events /0.1 TeV

Significance

“Dijet” —— WW/WZ/ZZ Fully Hadronic decay

VV(JJ) ® Similar analysis performed in ATLAS using the Full Run 2 data

J <o n ® Several improvements w.r.t Run 1 or 2016 analysis:
X" ® include track info in the Calorimeter based jets
J &4 ® include Jet mass and more powerful Jet substructure
h b

variables in the boosted boson finding

( arXiv:1906.08589 )
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10 1 J— AT\ 480 ! 00 === Ex . ) i [ 1
0? - \S= 13TeV, 13910 i:: HVT model A me2.0 TeV : % 103 IS = 13 Tev. 1391b1 Expecied 55% CL upper imit § 103[: s = 13 Tev. ‘39ﬂ) ceeeee Expeciod 95% CL uppee Smit
1 v v oy === HVTmodelA g =1 E
. --« Fit + HVT model A m=3.5 TeV § ™ VV - qqqq HVT model B, g =3 - - VV = qaqqq Buk RS, WM = 1
T 102 ~“. . x 102 =
5 g |
= 10 X
> “x
T g
g 1 T
& &
107 ©
10°2 ' e 102t S ‘
5 5 25 3 35 y 45 3 1.5 2 2.5 3 3.5 4 4.5 5 1.5 2 2.5 3 3.5 4 4.5 5
. . . hu [TeV] m(V') [TeV) m(GM] [Tev]

No obvious hint of bump above the falling SM background!
Exclude HVT W’/Z’ with masses up to 3.8 TeV.

Exclude Bulk RS Graviton with masses up to 1.8 TeV. .



Vector-Like Quarks Search
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Branching Ratio
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Vector-Like Quarks

® Extra family of spin 1/2 quarks

® symmetric vector-like coupling to W/Z

® Mass from direct mass term

® Can solve hierarchy problem

® Pair production from strong interaction

® Model independent

® Single production from electroweak

® Depends mixing with SM quarks

® Decays to boson+heavy quark
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Pair-Produced VLQ

( CMS-PAS-B2G-18-005 )
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® Fully hadronic final states: e SR I
AK4 H, [GeV] AKS H, [GeV)
® requiring >4 jets - 35.9 fb' (13 TeV) . 35.9 fo (13 TeV)
E F —— Observed E F CMS —— Observed
® Two independent searches: I [CMS Sy s f — ff:;’fm
|O’i — #s.a.w.wn 1 % — iTa:z:o
e cut-based: TT>WbWb " Cutbased O . )= ; 00,10.00
1L analysis 19°L NN analysis
® Neural-Network: boosted -

event shape tagger algorithm
to identity jets from t, b, W,
Z or H, account all TT, BB

. 'b‘ ] ] o o ) . 1075 L 1 cd ol 4 - s
hadronic final states. 9600 800 1000 1200 1400 1600 M1?(o;ov] 600 800 1000 1200 1400 1600 M‘?ggv]
168 T

Limit for Mt at 1040 GeV Limit for Mt at 1370 GeV

1

if BR(T—Wb) =1 if BR(T—tH) =1 20



Singly Produced VLQ

® Vector-like T (+2/3) quarks can belong to any weak-

(I’

isospin multiplet, while vector-like Y(-4/3) can not be
[l singlets, only consider (B, Y) doublet or (T, B, Y)

W -
~ ¢y or sinf g

N triplet in this analysis

~ “l‘ fp or sinfly g

® Singly production (strong interaction) probe the VLQ
coupling with SM quarks as a function of VLQ mass

Y/T_) Wb_)ZVb ® Dominant backgrounds coming from: W+jets, Top,
( JHEP 05(2019)164 ) QCD, Z, multi-bosons

120 'YVIV'YIVV"’.’""’?""I"."IY‘YIVV'I'V

% - ATLAS % 90—Y T‘ v Y] L I YY"T' v TT ’ YIY T, ' LI I L E L Ll L I L] L] L] ] L) L) Ll I Ll L] L] ] L) T T l L]
(‘?’ L 13 TeV, 36.1 1" D - O - ATLAS & Oun : _9.,10? ATLAS - Observed 3
g 00 Ts:. WDe , 36. ‘;xzo:)(‘,ev (™ = 049) g 801 (s« 13 Tev,36.1fb" ... Y1500 GeV (™ = 0.64) o) s = 13 TeV. 36.1 fo’ --+= Expected ':'
2 [ SR — ] % 70F- ;R—> Wb = n . 10 k= 95% CL, Exclusion Limits on o B Expected + 1074
3 80 Fost-Fit B Woiens N @ - Post-Fit B v :
i C] Muyens ] 60¢ [ Mutsiees 1
|:Om019¢lbta, -
- Uncentiny 50 ] orwr stk '
Unceranty 10 1
40} E
40 30: 10_2'.1’90«7 (NLO), BR(Y ~» Wb)=1 é
E—oh.c”-1mNWA 3
) " —a,, Ch = 1/2 n0 NWA .
20 20__ ’ 3P an,cg-ox’)noNWA
] 107 F ..cap, & = 1 WA (8.Y) doublet E
' 0 S S s Y RH (With inter ]
- - B i meeronc .
-g 0 i 1 “‘ - — 10_4 A ‘Lnic:i OJJZ)ANWAA L g a1 | -
S 15¢ 0.8 1 1.2 14 16 1.8
& | B 3447 A ® 125 é N _ Vv
5 S N % e . my [TeV]
@ 075 ; E - i lkl {, 3
S o
600 800 1000 1200 1400 1600 1800 2000 2200 2400 o : N 3
600 800 1000 1200 1400 1600 1800 2000 2200 2400
My [GeV)

My o (GeV] 21



Limits for Exotics Searches Up to 2019 May

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: May 2019 fL dt =(3.2-139)fb! Vs=8,13 TeV
Model Ly Jetsi ET™ [ram™) Limit Reference
Ll LA ' L Ll L L L LA " Ll L L Ll Ll L I'T L Ll L Ll
ADD Gux + g/q Oep 1-4j Yes 36.1 Mo 7.7 TeV n=2 171103301
ADD non-resonant yy 2y - - 367 My 86 TeV n = 3HLZNLO 1707.04147
ADD QBH - 2) - 370 Mo BOTeV n-=6 1703.09127
ADD BH high ¥ pr zlepn 22j - 32 M, 8.2 Tev n e 6, My~ 3TeV, ot BH 1606.02265
ADD BH multijet - 23 - 38 M, 085TeV =6 M, =3TeV. ot BH 1512.02586
RS1 Gyx — vy 2y - - 36.7 | Gux mass 4.1 TeV k/Mpy = 0.1 1707.04147
Buk RS Gyx — WW/ZZ muiti-channel 36.1 Gux mass 23 Tev k/Mpy = 1.0 1808.02380
Bulk RS Gyx — WW — qqqq Oep 2J - 139 |Guwmass  16TevV /Mgy = 1.0 ATLAS-CONF-2019-003
Bulkk RS gux — 1t Tepy 21021072 Yes 36.1 Bxx MASE 38Tev Mim=15% 1804,10823
2UED/ RPP lep 22bz3) Yes 361 KK mass 1.8 TeV Tior (1.1), S{A™) o gg) = 1 180309578
SSM2Z' — Ut 2e.p - - 139 |2Zmass  B1Tev 1903.06243
SSMZ' =11 2r - - 361 2" mass 242 TeV 1709.07242
Leptophobic Z* — bb - 2b - 36.1 2" mass 21 Tev 1805.09299
Leptophobic Z* — rt lep 210210072 Yes 361 2' mass 3.0TeV Mm=1% 1004, 10823
SSM W' < Iy 1ep - Yos 139 CERN-EP-2019100
SSM W' — v 1r - Yes 36.1 W' mass 3.7 Tev 1801 06952
HVT V' s WZ <+ goqqmodel B Oe.u 2J - 139 gv =3 ATLAS-CONF-2019-003
HVT V" — WH/ZH model B multi-channel 361 V' mass 2.93 TeV ev~3 171206518
LRSM Wg — tb muiti-channel 36.1 Wy, mass 325TeV 1807.10473
LASM Wy — uNg 2p 1J - 80 | W mass 5.0 TeV m(Ng) = 0.5 TeV. g = g« 1904.12679
Cl gq9q - 2) - 370 |A 218TeV v, 1703.09127
Clitgq 2e,p - - 36.1 A 400 TeV o}, 170702424
Cl teee 2lep 216 21) Yes 361 A 2.57 TeV 1Cyl = 4= 181102305
Axial-vector mediator (DiacDM) O e, p 1-4)  Yes 361 Mot 1.55 TeV £,025, g =10, m(y) = 1GeV 171105301
Colored scalar mediator (Dirac DM) 0 e, u 1-4) Yes 36.1 (L] 1,67 TeV £=1.0, m(y) = 1 GeV 1711.03301
VWV yy EFT (Dirac DM) Oe,u 1J.21)  Yes 32 M 700 GeV m(y) < 150 GeV 1608.02372
Scalarreson. ¢ — ty (DiacDM) Oler 1D,01J  Yes 36.1 my 34 TeV y=04,1=02 m(y) = 10GeV 181200743
Scalar LQ 1" gen 12e¢ 22 Yes 361 LQ mass 1.4 TeV =1 190200377
Scalar LQ 2/ gen 12u 22} Yes 361 |LOmass 1.56 TeV g1 1902.00377
Scalar LQ 3" gen 2r 2b - 361 | ROy mass 1.03 TeV BLQY — br) = 1 1902.08103
Scatar LQ 3" gen Olep 2b Yes 361 | LOjmass 970 GeV B(LQY 1) =0 1902.08103
VLQ TT — Ht/Zt/Wb + X multi-channel 36.1 T mass 1.37 TeV SU2) doublet 1808.02343
VLQ BB -+ Wt/ Zb+ X muiti-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
VLQ Tsa Toal Ty ~» W X 2(SSVz3euz1b 21) Yes 361 Ty) mass 1.64 TeV BTy~ We)a 1, o Ty Wi 1 180711853
VLQY « Wb+ X lepy 2z1b 21 Yes 361 Y mass 1.85 TeV BLY — Wb)= 1, cp(Wh)=1 181207343
VLQB = Hb+ X OQep,2y 21b.21j Yes 798 B mass 1.21 TeV xg=05 ATLAS-CONF-2018-024
VLQ QQ — WoWgq Teu 24 Yes 203 [t 150904261
Excited quark ¢* — qg - 2) - 139 _ coly o and d'. A = m(q") ATLAS-CONF-2019.007
Excited quark ¢ — qy 1y 1) - 3.7 q° mass 53 TeV onoly ' and @' A = m(q’) 1709.10440
Excited quark b* — bg - 1b1j - 36.1 b* mass 2.6 TeV 1805.09299
Excited lepton ¢* e - - 203 A=30TeV 1411 2921
Excited lepton v* Jep1 - - 203 A=16TeV 1411280
Type |l Seesaw Teu 2 2j Yes 798 | N*mass 560 GeV ATLAS-CONF-2018-020
LRSM Majorana » 2 2) - 361 Ny mass 3.2TeV m(Wi) =41 ToV. g = gw 1809.11108
Higgs triplet H** — ¢ 234epu(SS) - - 36.1 | H* mass 870 GeV DY producton 171009748
Higgs triplet H** - Ir Jeur1 - - 203 |M™mass 400 GeV DY peocucton, B(H}* — (1) = 1 14112921
Multi-charged particles - - - 36.1 Muti-Changed Parice mass 122 TeV DY producton, gl = Se 181203673
Magnetic monopoles - - - 344 mMoNopoie mass 2.37 TeV DY procducton, gl = 10, Spin 1/2 1905.10130
- ﬁ.‘am b A A4 A l l A ' e B ' A 24 l e A ' A A e 2 4 l B a A .

*Only a selection of the avaiable mass imils on new states or phenomena is shown

rSmall-radius (large-radius) jets are denoted by the letter j (J)



Limits for Exotics Searches based on 2016 Data

Overview of CMS EXO results

CMS

36 fb=! (13 Tev)

SSMZ(ty

SSMZqg)

LFVZ', BRleu) = 10%
SSMWv)

SSMW'(g4)

SSMW(Tv)

LRSM WaltNz). My, =0.5M,,
LRSM Wit My, = 0 5M,,
Axgluon, Coloron, cotd =1

scalar LQ (pair prod ), couping to 1** gen fermions, =1 1811 01197 e+ 2)) 144
scalar LQ (pair prod ), coupling to 1'* gen. fermions, 8 =05 1811 01197 e + 2j;e + 2j + ET™) 127
scalar LQ (pair prod ), coupling to 2™ gen. fermions, S =1 1808 05082 2p + 2j) 153
scalar LQ (pair prod ), coupling to 2™ gen. fermions, § =05 1808 05082 (2p+2j; u+ 2j + E7™) 129
scalar LQ (pair prod ), couplng to 3™ gen. fermions, S=1 1811 00806 (2¥+2)) 102

scalar LQ (single prod.). coup. to 3" “ gen ferm . B=1.A=1 180503472 (274 b) 074

excited kght quark (9g), A= m,

excited kght quark (qy), s=f=F=1A=m,
excited b quark, fr=f=f=1A=m,
excited electron, fyw fuf w1l Awm,
excited muon, f,.f-'.l,A-m;

quark compositen?ss (@9). N =1
quark compositernss (1), Nuw =1
quark compositeness (g§), Nuss= ~1
quark compositeness (I!), Nues= —1

ADD () HZ, nes=3

ADD (yy. #)HLZ, neo = 3
ADD Gyx emission, n =2
ADD QBH ml No=06
ADD QBH (ep). ne =6
RS Guxlgq. 99). Hw”- 0l
RS Gudltl), ki =0.1

RS Gad yy). kM, =01
RS QBH uj).nm=1

RS QBH (op). Nee =1
nonrotating BH, M, » 4TeV, e » 6
spht-UED, p =4 TeV

SFECFFFETrer §55S Z2rrprEr FEFFFF rFFEFEEEE

(axiak)vector mediator (xx). 9, =025 0 =1m,=1GeV
(axial)vector mediator (gG), o= 0.25,gumw 1. m, w1 GeV »
scalar mediator (+018), 9, =1,90u=1.m, =1 GeV Moy
pseudoscalar mediator (+4/60), ¢, = 1. gu=1m =1GeV  n_,
scalar medator (fermion portal), A, =1.m, =1 GeV M, 171202345
complax sc. med. (dark QCD), m,,, =5GeV,cTy, =25mm  ap i

Type lll Seesaw, B, =85,=8, Mopea
string resonance A

01 10 ~ 00

mass scale [TeV]
Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).

January 2019
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Long-lived Particle Search

24



Long-Lived Particles

® BSM particles may have lifetime that are long compared to SM particles,
referred as Long-Lived particles (LLP), will decay far from interaction point.

® Search for LLP requires for customised techniques to identify displaced vertices.

disappearing or
displaced kinked tracks
multitrack vertices / C
non-pointing
.... (converted) photons

displaced leptons, emerging jets
lepton-jets, or ‘ PN
_ lepton pairs ot
e

. ‘o <

trackless,
| low-EMF jets
quasi-stable

charged particles
multitrack vertices in the g Q
muon spectrometer

.

25



Displaced Jet + MET

Phys. Lett. B 797 (2019) 134876 )

® Several models can predict such signature: Gauge-

mediated SUSY breaking (GMSB), split and stealth
SUSY, hidden valley models

® The first time to use timing capability of ECAL (in

CMS) to identity the displaced jet

® SR: 3ns < tjet <20ns

137 fb' (13 TeV)
e r—r—r——

.
(=]
S
—
—

L) L] L] L] L] L] ¥ l L) L] L) I L)
CMS ¢  Observation

.
o
W

Events / 0.5 ns
3 3

2 R 6 8

[ ] Cosmic ray muon background
[ ] Core and satellite bunch background
[ Beam halo muon background
-------- GMSB m, = 2400 GeV,cty,=1m
-------- GMSB m; = 2400 GeV,ct, =10 m
-------- GMSB m, = 2400 GeV, ct, =30 m

10

12

t. (ns)
No events observed in SR: 3ns < tiet <20ns. Exclude gluino in GMSB

137 fb' (13 TeV)

10° LS L) B A LR AL
CMS 95 % CL upper limits
P30 d-g+G T Obened
ma=24OOGeV - Expected median + 10,

...... Expected median + 2 ¢

-t
o
w

—
o
LS

CMS displaced jets (36 fb")

...... Approx. NNLO+NNLL ofpp — g )

.

95% CL upper limit on cross section (fb)
=

with mass of 2.1 TeV, 2.5 TeV and 1.9 TeV for ct of 0.3m, Im and 100m

respectively.

_/
10‘ """"""""""""""""""""""""""
102 11111 L L Lllllll L 1 lllllll 1 1 A 1 1112
10° 10° 10* 10°
CT, (Mmm)
26



Displaced Photon

< Event/ns >
e & & &
X3 L ~ o

S
.-

10°

3591 (13 Tev)

T -
CmsS
Predminary

+ Datap. < 100 GeV)] (Scaled x 0.039)
——+—— Data(p] 2100GeV)
------- GMSB A:200 TeV, ct: 200em [p 2 100 GaV)
-,
™ .
° .
‘-
.
-
+
PpE—)- - e e e e
: 1 . .l b -
0 10 20
(8 (ns)

® Also test on benchmark model (GMSB)

® Requiring one or two photon with displaced vertex and

three or more jets in the events.

e diphoton trigger for 2016 data, dedicated single photon

< Event/ns >
8 8 3 3

S
-~

10°
10°

10

10".
]
107 by
.

102 L=

(CMS PAS-EX0-19-005 )

415" (13 TeVl

CMS
Pradminary

+*

Oata [p,
Data [p] 2100 GeV)
GMSB A: 200 TeV, ct

< 100 GeV] (Scaled x 0.056)

1200 em [p7 = 100 GeV)

No sign observed for displaced Photon.

Significantly extend the limits in the 2D plane of ¢t vs mass of neutralino.

=
O
S—
p
o

trigger (designed for displaced photons) used in 2017 data.

77.4 fb (13 TeV)

~ 10°E

10*

T ‘ITTT"I

10°E

100

-

g
S
Z
s
-

10 a1 a ek : 7
00 150 200 250 300 350 400 450 500 550 600

GMSB SPS8 q
------- CMS Exp (£ 10) 13 TeV y(y) .
— CMS Obs 13 TeV y(y)

ATLAS Obs 8 TeV vy
CMS Obs 7 TeV y

Mz (GeV)
PTETL PP TTIT R AT PTT RN T AR R TI IR RR T INANR R TA FURRTRTT e FUT
100 150 200 250 300 350 400
A (TeV)
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Search for Heavy Neutral Lepton

® Heavy neutrino: can explain neutrino mass, matter-
antimatter asymmetry, DM

® Search with both prompt and displaced signatures

® Signals include: e“e¥pu* or p*pu¥e* with small MET

o

o tiet ® First displaced search featured with a prompt muon

nw2z ] ]
- SR :o«'f-fli’" - :‘: - accompanies by a displaced vertex from two OS leptons
Z o up my = 30 GeV ]
= « o my= 50 GeV —

O
b
g
2

Events/ 10 GeV

o

o
>
@
—‘
(-]
-
W
(2]
g

W
o
T
N
g

[ arXiv:1905.09787 )

‘L T T T T T T ' 3 T T T T T T T T ' 3
= r .
D 10 — ATLAS Vs =13 TeV, 32.9-36.1 fb
f } 95% CL exclusion
e Observed (prompt, LNV)
— Observed (displaced, LNV)
- = Observed (displaced, LNC)
P N B S Il U o L U o (N A N " " e——— Expected
% 5 10 15 20 25 30 35 40 45 50 1074 - -Ex:md:b
mie, u) [GeV] f ) Expected + 20
%’ vvvvv Yvrvvxvvvvv_vvvrrvvvv.llv)vuv.vvvv—::rovh;‘vv vv(;‘:'; vvvvv
(O] 501~ ATLAS Mut-fake [ll single top -
S | (s=13TeV, 361 0" 1wz * 1 -5
o -~ B Triboson - - my = 5GeV i 10 :
w 40~ SR Diboson my = 10 GeV — |
< MZsrt <« mew20GoV
g Z o up my = 30 GeV :
w Z-+00 - -my=50GoV -

—6.‘-;;-----_V.;;---.\-_‘;---.“-‘
ﬁ} ot 10 10 20 30 40 50

2 DA V
o ——— Set limits on HNL mixing to muon and electron '™ eVl
T neutrinos for HNL masses in the range 4.5-50 GeV.

““““ I )8

min a)llGe\N



Limits for Long-Lived Particles

RPV UDD, g-ths, my= 2200 GeV
APV UDD, g=tds, my = 2200 GeV
APV UDD, £-ad. m: = 1300 GeV
APV UDD, t+dd, mi = 1300 GeV
RPV LQD, t-bl, m: = 600 GeV
APV LQD, t=bl, mi= 600 GeV
APV LQD, t=bl, m: = 1300 GeV

GMSB, §=9G., my = 2100 GeV

GMSB, g~gG, my = 2100 GeV

Split SUSY, §~aqdx?, my = 1300 GeV

Spiit SUSY (HSCP), fge = 0.1, mj = 1600 GeV
MGMSB (HSCP) tang = 10, >0, my = 247 GeV
Stopped £, t-ty’, ms = 700 GeV

Stopped . G-qdx?, §, =0.1, m; = 1300 GeV

Stopped §. §-qdxd(Huxs). ;=01 m; =940 GeV g

AMSB, x* —=xin ", m,+» =505 GeV
GMSB SPS8, X2 =yG, my; = 400 GeV

H=XX{10%), X=soe, My =125 GeV, mx = 20 GeV  x

Overview of CMS long-lived particle searches

CMS preliminary

3-137fb"* (8,13 TeV)

R TR S T = 1)

Qe e =~ Q Q0 Q0 Q0

x‘

X CMS-PAS-EX0-19-005 (Delayed y(y)) IE02=6m

14116977 (Displacedee) ~ 000012-25m
H=XO0 10%), X-agigs, e = 125 GeV. rmx = 20 GeV x| G077 (DSBS EE gt Y o000 2 =00
11810 10069 (Emerging jet +Jet) 0.0022-03 m

dark QCD, my, =5 GeV, my,, = 1200 GeV

Xae

A A A A A A

1074 1073 1072 107} 10° 10* 102
ct [m])

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.

10°

38 M (13 TeV)
B M (13TeV)
38 M (13 TeV)
36 M7 (13 TeV)
36 bF (13 Tev)
I (13 TeV)

36 m-* (13 TeV)

36 bF (13 TeV)
137167 (13 7TeV)
36 m-* (13 TeV)
137 (13 TeV)
13 b (13 TeV)
I M (13TeV)
39 M (13 Tev)
¥ML(13TeV)
38 M-* (13 TeV)
77713 TeV)

20 7% (8 Tev)
20 " (8 TeV)
16 L™ (13 TeV)

July 2019
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Limits for Long-Lived Particles

ATLAS Long-lived Particle Searches* - 95% CL Exclusion

ATLAS Preliminary

ke Sl JLdt =(18.4-36.1) b V5 = 8, 13 TeV
Model Signature  [Ldt[b) Lifetime limit Reference
RPV'? S s x:“";m. T T T =TT TTTYY T T T .M-‘;zv:;'uv‘ﬂ:?):.l;‘:v.l 150405162
aaM 1} - 26 depacedviceios 203 [gueime g} 1ok i) 10w | 150405162
GGM ) - 26 displaced dimuon 329 | 1] lifetime 0.029-18.0m m(E)= 1.1 ToV. m{y])= 1.0 TeV 1808.03057
GMSB non-pointing or delayed y 203 | 1] lfetime  o008s54m SPSS with A= 200 TeV 1409.5542
AMSB pp - xixJ.xix;  Osappearingtrack 203 | x; liletime . 02230m (i} )= 450 Gav 13103675
AMSB pp — xj1].x[x;  Osappearingtrack 361 | ] liletime 0.057-1.53m m(y])~ 450 GeV 1712.02118
AMSB pp — ¥j15.xlx;  lagepheldEldx 184 | x] liletime . 13180m m{y; )= 450 GeV 1506.05332
Stealth SUSY 2 MS vartices 361 | §itetime 0.1-519 m S = 35=00 mi)=s0ce  1811.07370
Split SUSY large pixel dE/dx 36.1 | £ lilesme >09m m(5)= 1.8 TeV, m(y])» 100 GeV 1808.04005
Spi SUSY dsplaced vix + EP= 328 | § liesme 0.03-13.2m m(F)w 1.8TeV, my)w 100 GeV 1710.04901
Spi SUSY 04.2-6jots +ET 361 g lilosme 0021 m mf)= 1.8TaV, m{y?)= 100 GeV | ATLAS-CONF-2018-003
Hesss low EMF trk-loss jots, MS vix 36,1 | s etime 018120 m mi{s)- 25 GoV 1902.03094
FRVZ H — 2y + X 2 e~ p-jets 203 |FANEEE 0-3 mm m{ye)= 400 MoV 1511.08542
FRVZH — 2y4 + X 2 e- - x-jets 361 ya Metima 1.5-284 mm m(ye)= 400 MeV CERN-EP-2019-140
FRVZ H < dyq + X 2 o, -, x-jots 36.1 | yalifotime 3.7-178 mm m{ye) = 400 MoV CERN-EP-2019-140
Hes Z.24 displaced dimuon 329 | Z4litletime 0.009-24.0m m(Z,;)= 40 GeV 1808.03057
H— ZZ4 2 e.p + low-EMF trackless je136.1 | Z, liletime 0.21-52m m(Zs)=10 GeV 1811.02542
VHwith H —+ 55 —» bbbb 1 -2( + multibjets 361 | sMotime  0-3 mm B(H < w)= 1, mis)-~ 60 GoV 1806.07355
O(200GeV) — 55 low-EMF trk-less jets, MSvix36.1 | s atime 0.41:51.5m « x ¥ 1pb, m(s)= 50 CeV 1902.03094
D600 GaV) — 55 low-EMF trk-less jets, MS vix 36,1 s Matme 0.04-21.5m o x 8= 1pb, ms)= 50 GeV 1902.03004
(1 TeV) — ss low-EMF trk-less jets, MS vix 36,1 s Matime 006524 m «xB=1ph mfs)= 150 GoV 1902.03004
HV Z'(1 TeV) - q.q. 2 IDMS vertices 203 | ssotime . 0143m % B 1 g, m(2)w 50 GeV 1504.00634
l HV Z°(2 TeV) - q.q. 2I0MSversces 203 | s wetime l m ot gk m(s)= 50 GeV 1504.03634
0.01 0.1 1 10 100 cT [m]
e e
goasaail ek aaaaaal PEPEPPPT PR EPPTy| PSP eer PR
0.01 0.1 1 10 100

*Only a selection of the available lifetime limits is shown.

7 [ns]
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Conclusion

® Very Active field in the Exotics or other BSM searches
® probing various models beyond SM
® developing new techniques to improve analysis sensitivity

® combination of various channels

® Early analyses with full Run 2 data performed
e dilepton, dijet, lepton + neutrino, displaced jet + MET ...

e No sign for new physics found yet!

® Lots of analyses are on-going, stay-tuned for more (") '
exciting results! «;

® Surprise(s) may be hidden somewhere!




® backup
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